and it showed a range of phylogenetic and chemotaxonomic properties consistent with those of the genus Streptomyces. The diamino acid of the cell-wall peptidoglycan was LL-diaminopimelic acid. The predominant menaquinones were MK-9(H 6 ), MK-9(H 4 ) and MK-9(H 8 ). Polar lipids detected were a lipid, an aminolipid, a phospholipid, phosphatidylinositol, phosphatidylethanolamine and two glycolipids. The predominant cellular fatty acids (.10.0 %) were anteiso-C 15 : 0 (20.8 %), iso-C 16 : 0 (18.0 %), iso-C 15 : 0 (12.2 %) and anteiso-C 17 : 0 (11.6 %). The whole-cell sugars were ribose, glucose and mannose. 
is known about the diversity of the microbial community in mangrove environments (Yan et al., 2006; Hong et al., 2009; Xu et al., 2009) . The constant changes in environmental factors such as tidal gradient and salinity in mangrove environments are thought to be the driving force for metabolic pathway adaptations that could lead to the production of unusual metabolites. Therefore, there has been increasing exploitation of mangrove micro-organism resources (Long et al., 2005; Hong et al., 2009) . Many researchers have discovered that the poorly explored mangrove environment contains large populations of novel actinobacteria, as demonstrated by the isolation of Streptomyces xiamenensis , Streptomyces avicenniae , Streptomyces sanyensis (Sui et al., 2011) and Streptomyces qinglanensis (Hu et al., 2012) . Moreover, many strains of the genus Streptomyces are prolific producers of useful antibiotics (Xie et al., 2006; Hong et al., 2009) . Many actinobacteria strains from marine environments contain the polyketide synthase and nonribosomal polyketide synthase pathways, characteristic of secondary metabolite production (Salomon et al., 2004) .
The genus Streptomyces was proposed by Waksman & Henrici (1943) ; members of the genus have made significant contributions to mankind due to their ability to produce various natural products of significant importance, such as antibiotics (Bérdy, 2005) . At the time of writing, the genus Streptomyces contained 649 species and 38 subspecies with validly published names (http://www. bacterio.net/), making it the largest genus in the domain Bacteria (Hain et al., 1997) . During a screening programme for novel antibiotic producers, strain MUSC 135 T , which showed good activity against meticillin-resistant Staphylococcus aureus (MRSA), was isolated from a soil sample collected from a mangrove forest located on the east coast of Peninsular Malaysia.
Strains MUSC 135
T and MUSC 137 were isolated in December 2012 from different soil samples collected at sites MUSC-TLS3 (3 u 489 11.10 N 103 u 269 6.90 E) and MUSC-TLS4 (3 u 489 21.30 N 103 u 209 3.30 E) located in the Tanjung Lumpur mangrove forest, State of Pahang, Malaysia. Topsoil samples of the upper 20 cm layer (after removing the top 2-3 cm) were collected and sampled into sterile plastic bags using an aseptic metal trowel and stored at 220 u C. Air-dried soil samples were ground with a sterilized mortar and pestle. Selective pretreatment of soil samples was performed using wet heat in sterilized water (15 min at 50 u C) (Takahashi et al., 1996) . Five grams pretreated air-dried soil was mixed with 45 ml sterilized water, ground in a mill and then spread onto the isolation medium ISP2 (Shirling & Gottlieb, 1966) supplemented with cycloheximide (25 mg ml
21
) and nystatin (10 mg ml
) and incubated at 28 u C for 7-14 days. Pure cultures of isolates were maintained on slants of ISP2 medium at 4 u C for short-term storage and as glycerol suspensions (20 %, v/v) at 220 u C for long-term preservation.
The cultural characteristics of strain MUSC 135 T were determined following growth on ISP2 and ISP7 media (Shirling & Gottlieb, 1966) , starch casein agar (SCA; Küster & Williams, 1964) , Streptomyces agar (SA; Atlas, 1993) , Actinomycetes isolation agar (AIA; Atlas, 1993) and nutrient agar (NA; MacFaddin, 2000) for 7-14 days at 28 u C. Light microscopy (Nikon 80i) and scanning electron microscopy (JEOL JSM 6400) were used to observe the morphology of the strain after incubation on ISP2 medium at 28 u C for 7-14 days. The colony colour was determined by using the ISCC-NBS colour charts (Kelly, 1964) . Gram staining was performed by the standard Gram reaction and confirmed by using KOH lysis (Cerny, 1978) . The growth temperature was tested at 4-56 u C at intervals of 4 u C on ISP2 medium. The pH range for growth was tested between pH 4.0 and 10.0 at intervals of 1 pH unit. NaCl tolerance was tested in tryptic soy broth (TSB) with NaCl concentrations ranging from 0 to 18 % (w/v) at intervals of 2 %. Tolerance of temperature, pH and NaCl concentration were observed for 14 days. Catalase activity and production of melanoid pigments were determined following the protocols described by Lee et al. (2014b) . Haemolytic activity was determined in blood agar medium containing 5 % (w/v) peptone, 3 % (w/v) yeast extract, 5 % (w/v) NaCl and 5 % (v/v) human blood (Carrillo et al., 1996) . Plates were examined for haemolysis after incubation at 32 u C for 7-14 days. The presence of clear zones around colonies signifies the potential of the isolate for surfactant production. Lipase, amylolytic, cellulose, chitinase, protease and xylanase activities were determined by growing cells in ISP2 medium and following the protocols described by Meena et al. (2013) . Antibiotic susceptibility tests were performed by the disc diffusion method as described by Shieh et al. (2003) using Oxoid antimicrobial discs. Antimicrobials used and their concentrations were as follows: ampicillin (10 mg), ampicillin sulbactam (30 mg), cefotaxime (30 mg), cefuroxime (30 mg), cephalosporin (30 mg), chloramphenicol (30 mg), ciprofloxacin (10 mg), erythromycin (15 mg), gentamicin (20 mg), nalidixic acid (30 mg), penicillin G (10 mg), streptomycin (10 mg), tetracycline (30 mg) and vancomycin (30 mg). Carbon-source utilization and chemical sensitivity assays were carried out using Biolog GenIII MicroPlates according to the manufacturer's instructions. All of these phenotypic assays were performed concurrently for strains MUSC 135 Cashion et al. (1977) . DNA-DNA hybridization was carried out as described by De Ley et al. (1970) under consideration of the modifications described by Huss et al. (1983) . The DNA G+C content of strain MUSC 135
T was determined by HPLC (Mesbah et al., 1989) .
Analysis of the amino-acid composition and sugars of the peptidoglycan of strain MUSC 135 T was carried out by the Identification Service of the DSMZ using published protocols (Schumann, 2011) . Major diagnostic wholeorganism sugars of strain MUSC 135 T were obtained as described by Whiton et al. (1985) and analysed by TLC on cellulose plates (Staneck & Roberts, 1974) . Analysis of respiratory quinones, polar lipids (Kates, 1986) and fatty acids (Sasser, 1990) was carried out by the Identification Service of the DSMZ.
Extraction of genomic DNA from strains MUSC 135 T and MUSC 137 was performed as described by Hong et al. (2009) . PCRs were performed in a final volume of 50 ml according to the protocol of the SolGent 26 Taq PLUS PCR Smart mix using a Kyratex PCR Supercycler with the following cycling conditions: initial denaturation at 95 u C for 5 min, 35 cycles of 94 u C for 50 s, 55 u C for 1 min and 72 u C for 1 min 30 s and a final elongation at 72 u C for 8 min. The 16S rRNA gene was amplified using the universal primers p27F (59-AGAGTTTGATCCTGGCT-CAG-39) and 1492R (59-TACGGCTACCTTGTTACGA-CTT-39). The 16S rRNA gene sequence of strain MUSC 135 T was aligned with sequences of type strains of closely related species of the genus Streptomyces retrieved from the GenBank/EMBL/DDBJ databases using CLUSTAL_X software (Thompson et al., 1997) . The alignment was verified manually and adjusted prior to the reconstruction of phylogenetic trees. Phylogenetic trees were reconstructed with the neighbour-joining (Saitou & Nei, 1987) (Fig. 1) and maximum-likelihood (Felsenstein, 1981) (Fig. 2 ) algorithms using MEGA version 5.2 (Tamura et al., 2011) . Evolutionary distances for the neighbour-joining algorithm were computed using Kimura's two-parameter model (Kimura, 1980) . Values of pairwise 16S rRNA gene sequence similarity were determined using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . The topologies of the resultant trees were evaluated in a bootstrap analysis based on 1000 replicates (Felsenstein, 1985) . BOX-PCR fingerprint analysis was used to characterize strains MUSC 135 T and MUSC 137 and the type strains of 11 closely related species. BOX-PCR fingerprinting was performed using the primer BOX-A1R (59-CTACGGCAAGGCGACGCTGACG-39) (Versalovic et al., 1991; Lee et al., 2014a) and PCR conditions described by Yuan et al. (2009) . PCR products were visualized by 2 % agarose gel electrophoresis. T . These strains were cultured overnight at 37 u C at 200 r.p.m. in nutrient broth. The cultures were diluted with their respective media to 0.8-1.2610 6 c.f.u. ml
, and 100 ml aliquots of each inoculum were transferred to Mueller-Hinton agar medium. The fermentation medium used was FM3 (Garcia et al., 1999; Hong et al., 2009; Lee et al., 2012) ; the medium was autoclaved at 121 uC for 20 min. The isolate was transferred to a test tube (306200 mm) containing 20 ml FM3 and cultured at 200 r.p.m., at an angle of 45u, for 7-10 days at 28 uC. The resulting FM3 medium obtained after growth of strain MUSC 135 T was separated from the mycelium by centrifugation at 12000 g at 4 uC for 15 min. The supernatant was filtered and used for tests of extracellular antimicrobial activity against different target micro-organisms by the agar-well diffusion method (Grammer, 1976) . One hundred microlitres of the fermentation supernatant from strain MUSC 135
T was added to each of the wells. The inoculated plates were kept at 4 u C for at least 2 h to allow diffusion of any produced antimicrobial metabolites. Diameters of inhibition were determined after 24 h of incubation at 37 u C. Each experiment was repeated three times, and mean diameters of inhibition zones were calculated. Wells containing sterile FM3 were taken as a negative control.
Strain MUSC 135
T exhibited a broad-spectrum bacteriocin, inhibiting growth of three pathogens: Staphylococcus aureus ATCC BAA-44 (MRSA) (inhibition zone 10.5 mm), Salmonella typhi ATCC 19430 T (4 mm) and Aeromonas hydrophila ATCC 7966 T (4 mm). Notably, the inhibition zone against MRSA (10.5 mm) was larger than that of the positive control, a vancomycin disc (30 mg), which exhibited an inhibition zone of 9 mm (Fig. S1 , available with the online Supplementary Material). Strain MUSC 135 T displayed strong inhibitory activities against these pathogens compared with all the bioactive isolates detected in the antimicrobial screening programme (data not shown), suggesting that strain MUSC 135 T could be a candidate for the production of valuable antimicrobial metabolites.
T grew well on ISP2 medium, SA and SCA after 7-14 days at 28 u C; it grew moderately well on Luria-Bertani agar, ISP7 medium and NA, whereas it grew poorly on AIA. The colours of the aerial and substrate mycelium were medium-dependent (Table 2) . Morphological observation of a 15 day-old culture grown on ISP2 medium revealed a smooth spore surface and abundant growth of both aerial and vegetative hyphae, which were well developed and not fragmented. These morphological characteristics were consistent with assignment of the strain to the genus Streptomyces (Williams et al., 1989) . Growth occurred at pH 5.0-9.0 (optimum pH 5.0-8.0), with 0-6 % NaCl (optimum 0-4 %) and at 24-40 uC (optimum 28-32 u C). Cells were positive for catalase activity but negative for haemolytic activity and melanoid pigment production. Hydrolysis of soluble starch and CM-cellulose was positive, but hydrolysis of tributyrin (lipase), casein, chitin and xylan was negative. Strain MUSC 135 T can be differentiated from closely related members of the genus Streptomyces by using a range of phenotypic properties (Table 1 ).
The complete fatty acid profiles of strain MUSC 135 T and closely related type strains are shown in Table S1 . The major cellular fatty acids in MUSC 135
T were anteiso-C 15 : 0 (20.8 %), iso-C 16 : 0 (18.0 %), iso-C 15 : 0 (12.2 %) and anteiso-C 17 : 0 (11.6 %). Other fatty acids detected were C 16 : 0 (8.0 %), C 16 : 1 cis9 (5.8 %), 9-methyl C 16 : 0 (4.9 %) and anteiso-C 17 : 1 C (4.3 %). The fatty acid profile of MUSC 135 T was consistent with those of closely related phylogenetic neighbours such as Streptomyces cinereospinus NBRC 15397 T , Streptomyces mexicanus NBRC 100915 T and Streptomyces coeruleofuscus NBRC 12757 T , which contained anteiso-C 15 : 0 (9.2-22.7 %), iso-C 16 : 0 (10.6-24.4 %) and iso-C 15 : 0 (8.9-14.4 %) as their major fatty acids (Table   S1 ). However, the fatty acid profile of MUSC 135 T was quantitatively different from those of these type strains; for example, fatty acid anteiso-C 15 : 0 (20.8 %) was predominant in strain MUSC 135 T , whereas the amount of anteiso-C 15 : 0 was significantly less (9.2 %) in Streptomyces cinereospinus NBRC 15397 T (Table S1 ). Polar lipid analysis showed the presence of a lipid, an aminolipid, a phospholipid, phosphatidylinositol, phosphatidylethanolamine and two glycolipids. Differences in polar lipid profiles showed that MUSC 135 T is different from related type strains; for example, strain MUSC 135 T (Fig. S2a ) contained an aminolipid that was not detected in Streptomyces cinereospinus NBRC 15397 T (Fig. S2b) .
Chemotaxonomic analyses showed that the cell wall of strain MUSC 135 T contained LL-diaminopimelic acid, indicating that it was of cell-wall type I (Lechevalier & Lechevalier, 1970) . The presence of LL-diaminopimelic acid has been observed in many other species of the genus Streptomyces (Petrosyan et al., 2003; Lee et al., 2005; Xu et al., 2009; Hu et al., 2012) . The whole-cell sugars detected were ribose, glucose and mannose. The same sugar profile was detected in Streptomyces vietnamensis GIMV4.0001 T , isolated from a forest soil sample in Vietnam (Zhu et al., 2007) . Glucose Kim et al. (1998) .
Streptomyces pluripotens sp. nov. (Luo et al., 2011) . The predominant menaquinones of strain MUSC 135 T were MK-9(H 6 ) (57 %), MK-9(H 4 ) (21 %) and MK-9(H 8 ) (13 %). Minor amounts of MK-9(H 2 ) (6 %) and MK-9 (1 %) were also detected. This menaquinone composition is in agreement with the report of Kim et al. (2003) that the predominant menaquinones of members of the genus Streptomyces are MK-9(H 6 ) and MK-9(H 8 ). The DNA G+C content of strain MUSC resampled datasets are shown at branch nodes. Bar, 0.002 substitutions per site. Asterisks indicate that the corresponding nodes were also recovered using the maximum-likelihood algorithm.
135
T was 70.7±0.3 mol%; this is within the range of 67.0-78.0 mol% reported for species of the genus Streptomyces (Kim et al., 2003) .
Almost-complete 16S rRNA gene sequences were determined for strains MUSC 135 T and MUSC 137 (both 1491 bp). The 16S rRNA gene sequence similarity between (Fig. 1) , and this association was also supported by the maximum-likelihood algorithm (Fig. 2) (Wayne et al., 1987) . These results supported the notion that strain MUSC 135 T represents a novel species. The DNA-DNA relatedness between strains MUSC 135 T and MUSC 137 was 83±3.2 %, which confirmed that these two strains belong to the same species. The BOX-PCR results showed that strain MUSC 135
T yielded a unique BOX-PCR fingerprint compared with MUSC 137 and closely related type strains (Fig. S3) , indicating that the two novel strains are not clones. Finally, the DNA fingerprinting results were in agreement with the results of DNA-DNA hybridization, that strain MUSC 135 T represents a novel species.
Based on the results of phenotypic, chemotaxonomic, DNA-DNA hybridization, DNA fingerprinting and phylogenetic analyses presented in this study, strain MUSC 135 T merits assignment to a novel species of the genus Streptomyces, for which the name Streptomyces pluripotens sp. nov. is proposed.
Description of Streptomyces pluripotens sp. nov.
Streptomyces pluripotens (plu.ri.po9tens. L. n. plures several; L. part. adj. potens able; N.L. adj. pluripotens having several abilities, referring to the ability of the type strain to kill several pathogens).
Cells stain Gram-positive and have light-brownish-grey aerial mycelium and brilliant-yellow substrate mycelium on ISP2 medium. The colours of the aerial and substrate mycelium are medium-dependent (Table 2) . Grows well on ISP2 medium, SA and SCA after 7-14 days at 28 u C; grows moderately well on Luria-Bertani agar, ISP7 medium and NA, whereas it grows poorly on AIA. Grows at pH 5.0-9.0 (optimum pH 5.0-8.0), with 0-6 % NaCl (optimum 0-4 %) and at 24-40 u C (optimum 28-32 u C). Positive for catalase and negative for haemolytic activity. Hydrolysis of soluble starch and CM-cellulose is positive; negative for hydrolysis of tributyrin (lipase), casein, chitin and xylan. Cells are sensitive to (per disc) ampicillin (10 mg), ampicillin sulbactam (30 mg), cefotaxime (30 mg), cefuroxime (30 mg), cephalosporin (30 mg), chloramphenicol (30 mg), ciprofloxacin (10 mg), erythromycin (15 mg), gentamicin (20 mg), nalidixic acid (30 mg), penicillin G (10 mg), streptomycin (10 mg), tetracycline (30 mg) and vancomycin (30 mg) ( Table S2) 
